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The Roger Williams University (RWU) Community Partnerships Center (CPC) provides project-based assistance 
to non-profit organizations, government agencies and low- and moderate-income communities in Rhode Island and 
southeastern Massachusetts. Our mission is to undertake and complete projects that will benefit the local community 
while providing RWU students with experience in real-world projects that deepen their academic experiences.























Community partnerships broaden and deepen the academic experiences of RWU students by allowing 
them to work on real-world projects, through curriculum-based and service-learning opportunities 
collaborating with non-profit and community leaders as they seek to achieve their missions. The services 





1. The Project is being undertaken in the  
public interest;  
 
2. The deliverables generated hereunder are intended to provide conceptual information only to assist design and 
planning and such are not intended, nor should they be used, for construction or other project implementation. 
Furthermore,	professional	and/or	other	services	may	be	needed	to	ultimately	implement	the	desired	goals	of	the	
public in ownership of the project served. 
 
3. The parties understand, agree and acknowledge that the deliverables being provided hereunder are being 
performed by students who are not licensed and/or otherwise certified as professionals. Neither RWU nor the 
CPC makes any warranties or guarantees expressed or implied, regarding the deliverables provided pursuant to 
this	Agreement	and	the	quality	thereof,	and	Sponsor	should	not	rely	on	the	assistance	as	constituting	professional	
advice. RWU, the CPC, the faculty mentor, and the students involved are not covered by professional liability 
insurance.  
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The second sub-project is to perform full strength/structural analysis of all the critical components on the model to 

















a	1/6th	scale	replica	of	the	1901	Americas	Cup	Defender,	the	Reliance.  This project includes structural analysis of the 
critical	components	on	the	model,	as	well	as	design	and	analysis	of	a	cradle	that	will	hold	the	model	at	a	150	angle.	
The	original	Reliance	yacht	measured	205ft	from	the	tip	of	the	bowsprit	to	the	end	of	the	boom	and	220ft	from	the	
bottom of the keel to the tip of the topmast.  Our 1/6th scale replica will measure roughly 33ft from tip to tip and 
37ft	from	keel	to	tip	of	topmast.		This	scaled	model	will	be	fully	rigged	with	sails	and	all	the	rigging	components	will	














and assumptions, as shown below, to guide our team in the formulating of our designs.
	 1.	Cradle	Design	Constraints	







  a. Model will never be placed in the water or sailed
  b. Model will never be displayed without the cradle
  c. Model will be indoors at all times
One	of	the	key	objectives	of	our	project	was	to	have	displays	of	the	hull,	deck	and	spars	in	time	for	this	year’s	July	4th	
activities	that	will	take	place	in	Bristol.	




Throughout the year we plan to look back on our mission statement to ensure we have not lost sight of our goals and 
ensure	we	are	working	to	satisfying	the	needs	of	our	client,	the	Herreshoff	Marine	Museum.		We	are	happy	to	provide	
aid to a local non-profit organization to establish a partnership between Roger Williams University and the local com-









the final cradle design specifications.
Sean	Damico	has	taken	the	role	as	the	student	project	manager.		His	expertise	in	SolidWorks	has	been	put	to	use	to	
create	several	drafts	of	the	many	cradle	designs	that	developed	during	the	course	of	this	project.		He	has	organized	


























but not limited to, the weight of the model, center of gravity, weight of mast, material of mast, hull cross sections, 




Summary of Raw Data
5
Hierarchical List of Primary and Secondary Needs
Importance ratings for the secondary needs are indicated by the number of *’s, with *** denoting 
critically important needs.
6
Reflections on Results and Process
We have interacted with the client a great deal since the beginning of the project.  Through these exchanges, we have 





ized that these objectives will be hard to achieve if we are not given numerous specifications relating to the model.  We 
will	be	working	with	Mr.	Lee	periodically	to	ensure	all	desired	model	information	is	acquired.
To	gain	an	even	greater	understanding	of	the	customers’	needs,	we	could	interact	with	people	other	than	our	project	
manager,	Mr.	Lee.	The	Reliance model is being built for museum visitors, so their input is also very important. We 
could interview these museum visitors or have them fill out a survey to get an understanding of what they would like 
to see. In order to get possible overlooked information on the Reliance,	we	could	talk	to	the	Herreshoff	Museum	staff,	





The target specifications were concluded by analyzing customer needs, constraints, and various similar designs on the 
market	today.	Although	numerous	metrics	already	exist	within	our	project	due	to	the	lack	of	alterations	to	the	model,	
we comprised a list based on the needs and design goals given to us by our client.  The metrics are compared to those 
in	similar	projects	in	the	maritime	and	marine	modeling	field.	However,	due	to	the	nature	of	this	project	being	a	
custom build many typical applications do not closely coincide with those found in this project. Ultimately from 




Museum. Most needs were generated from specific lines of work necessary to the success of the overall project. Oth-
ers	have	stemmed	from	these	to	cover	all	necessary	work	to	be	completed.	From	these	needs	a	system	of	metrics	were	
developed to account for necessary standards and means by which our design and analysis must adhere to for overall 
success	of	the	desired	requirements.		In	Table	4	a	comparison	of	each	metric	is	made	to	their	designated	need.	
In	the	subsequent	Tables	the	costumers	needs	and	their	respective	metrics	have	been	benchmarked	to	those	of	similar	
projects and or practices currently found in the field today. The Reliance	project	has	been	compared	to	the	Americas	
Cup	Exhibit	at	the	MFA	in	Boston,	The	Defiant,	currently	on	exhibit	outside	the	HMM,	and	standardized	boat	sup-
ports	found	at	the	Newport	Boat	Yard.	From	these	three	outside	sources	we	are	able	to	gain	a	greater	understanding	




















as displayed in Table 2.  The customer needs were established through client meetings in which our group was briefed 
on their overall vision of the project.  The importance rating assigned to each need was determined by considering the 
clients stress on the individual need as well as its importance to the overall outcome of the project. 
Table 2: Project Metrics based upon customer needs as listed in Table 
1. Each metric is related to specific needs and ranked by importance. 
Units have been provided for each metric in the quantity in which they 
are evaluated.
10
Next, a list of metrics surrounding the project was generated from the customer needs.  The list consists of general 
specifications that will be needed to successfully complete the project since the Reliance consists of several hundred 
minor specifications that branch from those listed.  The metrics were then linked to their correspondent customer 
needs in a needs-metrics matrix displayed in Table 3.  
Table 3: Metrics Benchmarking. All metrics found in Table 2 are com-
pared to three outside sources. As seen above many of the metrics do 
not correlate from the Reliance project to other models and or stan-
dards found in the field today.
11
In order to compare the specifications of the Reliance Project with similar projects a metrics competitive benchmark-
ing chart was created as shown in Table 4.  Metrics of the comparative projects were determined through research of 
the	projects.		After	establishing	metrics	of	similar	projects,	the	customer	needs	of	our	project	were	related	to	the	com-
parative projects and ranked by importance.  The customer needs importance of the related projects was determined 
through analysis of assumed goals of the respective designs.
Table 4: Needs Benchmarking. Each need as seen in Table 1 above has been compared to 
those in the three outside sources as seen in the last three columns. From this table we 
are able to see how the needs of our project correlate to those in other previously com-
pleted projects. This will allow us to easily find resources for problems that may develop 





needs were then used to establish selection criteria and the concept designs were compared to determine how well they 
met	the	criteria.		Each	design	was	then	given	a	rating	for	how	well	it	met	each	selection	criteria	and	a	weighted	rating	
system was constructed based on the importance of the criteria.  The data concluded the hybrid designs met the most 













rently at museum, we were able to see how a cradle enhances the viewing of the model. On the tour we were also 
able to see the hull of the Reliance model for the first time. Once seeing it in person, we were able to understand the 
grandeur this model will project once it is completed. 
In	front	of	the	Herreshoff	Marine	Museum,	is	the	International	America’s	Cup	Class	boat,	the	Defiant.	The	boat	is	75	
feet long and is held upright. It is visible from Route 114, which the Reliance model will be too, once it is completed. 




support to keep it up straight. One of the ships in particular, used a very thick rope tied from the top of the topmast 











Figure 1: Cantilever Cradle front 
viewer’s perspective
In this design the active rigging components tie directly into the internal structure and the hull itself is supported 
along the outside edge of the deck. This will ensure that there are no forces that will jeopardize the integrity of the 
fiberglass and that the mast and rest of the rigging components rely purely on the structural integrity of the internal 
structure,	displayed	below	in	Figure	2.




makes it so that at the mast connection point there are only direct compressive forces and the active stays are pure 
tensile	forces.	Because	of	this,	the	mast	support	frame	will	be	acting	against	the	compressive	force	exerted	and	the	stays	
will be attached to the outer edge of the frame to take all of the tensile forces exerted. Ultimately by this concept we 
are	completely	removing	the	fiberglass	hull	from	the	model’s	structural	integrity	and	the	cradle	itself	could	display	the	
mast and the rest of the rigging without the hull in place.  
To counteract the moment created by the cantilever design the rear of the upright structure will be bolted to the 
ground	or	in	the	case	this	is	unobtainable,	weight	will	be	added	to	the	rear	of	the	base	plate.		As	for	the	portability	of	
the cradle the internal structure can be detached from the base and uprights by means of pins. This will allow for the 












Figure 4: Free Floating internal structure
The	internal	structure	will	consist	of	a	steel	I-Beam	extending	the	length	of	the	hull,	equipped	with	5	C-channels	and	
1	I-Beam	at	the	mast	location.		These	beams	will	act	as	support	for	the	hull	having	the	deck	rest	on	the	rubber	padding	
at the ends of the beams as well as support for the main riggings which will be tied into the C-channel to take the load 
off	the	hull.		The	mast	is	to	be	supported	by	a	steel	mast	sleeve	having	a	steel	plate	bolted	into	the	I-Beam	and	braced	
to	give	extra	support.	The	center	column	will	be	bolted	into	the	bottom	of	the	I-Beam	and	also	braced	to	give	extra	
support.  The structure will then be placed in a ball and socket joint, which is mounted by a concrete footing, allowing 







Figure 5: Natural Surroundings 
front viewer’s perspective
Figure 6: Natural Surroundings 
back viewer’s perspective
18
The approach of the design treats the hull and mast as completely separate loads supported by their own individual 
structures	as	shown	in	Figure	7.	
Figure 7: Natural Surroundings 
hidden structural supports
 The design as a whole will not be lightweight, but the individual parts such as the 3 cradle supports and the mast sup-
port will be light enough on their own to be lifted under man power.  To cut costs the cradle supports will be made of 
standard 2x4 construction with plywood distributed loading pads.  The mast support will be constructed of roughly 
2”	box	channel	structural	steel	and	the	front	side	of	the	hull	will	be	equipped	with	a	French	door	hidden	underneath	
the water structure to enable the mast support structure to be taken out of the hull for easy transport.
19
Figure 8: Natural Surroundings respective 




sleeve will then be supported by a steel cone welded to the frame.  The hull structural support will involve a sandwich 
method in which an exterior sheet of plywood will be through bolted to an interior sheet of plywood.  The structure 
will then be hidden by an artificial water structure.  The water structure will be made into multiple parts to enable 
easy	transport	and	will	be	constructed	of	a	¼”	aluminum	tubing	frame	wrapped	in	aluminum	chicken	wire	which	is	
then spray coated with a polyvinyl plastic cocooning.
Conclusion
For	our	project,	our	clients	played	an	integral	role	in	the	concept	selection	process.	By	working	together,	our	group	






tions or concerns they had expressed, they liked the minimal exposed structure of the free floating design, and the 
support	and	durability	that	the	cantilever	cradle	offered.	We	quickly	came	up	with	a	design	that	combined	features	
of the cantilever cradle and free floating design. They seemed to like this idea, so we decided to come up with three 
“hybrid”	designs	that	incorporated	our	customer’s	additional	constraints	and	desires.
Hybrid #1
To reduce intrusion of the hull from the supporting arms and their attachment points to the upright support an al-
ternative design has been devised. To support the main cantilever arms a cable will be attached at the outermost edge 
and	run	through	the	square	channel	to	the	main	attachment	point	as	shown	in	Figure	9.
Figure 9: Hybrid #1 side structural
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At	this	point	the	cable	will	be	redirected	by	means	of	a	pulley	and	attached	to	the	backside	face	of	the	vertical	support.	
It is at this connection point that the main stabilizer of the upright support will also be attached. The main stabilizer 
will consist of a tie rod that will fasten to the base plate of the cradle.  The critical points of the cradle design will be 
found	in	the	tensile	stresses	of	the	support	cable	and	tie-rod.	Stemming	from	this	it	can	also	be	assumed	that	the	shear	
stresses in the pulley through bolts and bolts at all connection locations will be substantial.
Hybrid #2
One	of	the	main	issues	that	developed	with	the	Free	Floating	design	was	portability.	Due	to	the	anchor	cables	needing	
a substantial platform to be mounted to, the versatility of display locations is limited. To solve this issue and option 
has	been	added	to	the	Free	Floating	design	to	give	it	the	ability	to	stand	alone.
Figure 10: Hybrid #2 side structural
As	shown	in	Figure	10	a	base	plate	has	been	added	which	will	provide	a	foundation	for	the	ball	and	socket	joints	to	
fasten to. Two supports will attach the internal structure to the baseplate, acting as cross members. These two supports 
will keep the hull upright at a fifteen-degree angle and counter act the high center of gravity of the model. This design 








Figure 11: Hybrid #3 frame
By	incorporating	the	mast	sleeve	into	the	base	support,	Hybrid	#3	is	the	most	minimal	structure.		Using	the	leg	de-





design as the reference for each selection criteria and assigning it a zero, other models could then be compared to the 
reference by a plus or minus.  The pluses and minuses for each concept were then summed to provide a score for each 
design,	as	shown	in	Table	5.	
23
Table 5: Concept Screening Matrix used 





by summing the weighted scores of each criteria associated with each design, as shown in Table 6.
Table 6: Concept Scoring Matrix used to 
determine concept rankings
In theory, by having a weighted score assigned to each design we can determine which design best suits the needs of 










has been approved for further testing by both customer and design team based upon the preliminary drawings and 
design concepts. The testing plan is established around a series of uncertainties and risks that cannot be accurately 






ponents of the cradle design and furthermore deem the overall design ready for construction. 
25
Risk and Uncertainties Assessment
The preliminary design of the final proposed concept goes into great detail to describe the methods by which the 








to be developed to meet the given necessities. 
Given	the	desire	to	have	the	model	displayed	at	a	15	degree	angle,	the	cradle	will	undergo	a	large	tipping	force	mak-
ing the entire structure want to heel over and drop. To counteract this, the cradle has been designed to work against 
this	tipping	force.	In	preliminary	design,	different	ideas	were	developed	that	would	ensure	the	model	would	not	tip.	
Testing will allow us to determine which method will be necessary and/or if any precautions will need to be taken to 
alter the base of the cradle to ensure the model remains upright. 
Our	ultimate	goal	is	to	eliminate	risk	from	the	design	by	determining	the	requirements	of	the	cradle	given	the	fore-
seeable	conditions	in	which	the	cradle	and	model	will	be	on	display.	At	no	point	can	the	model	become	a	risk	to	the	
public	and/or	staff	that	will	be	around	it.	Like	the	name	itself,	Reliance, we want the designed cradle to be reliable and 





tainties as noted before. Once the tests and analysis have been conducted we will be able to develop answers to each 
question	and	determine	whether	the	design	is	indeed	feasible	or	further	alterations	to	the	cradle	need	to	be	made.	
Table 7: List of questions based upon risk and uncer-
tainty assessment. Each question is numbered and falls 
under its specific category within the cradle design.
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Table 8: Analyses and testing list de-
veloped from needs as seen in Table 1.
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Table 9: Comparison table linking each 
question to their respective means of test-
ing. By testing a majority of the questions 
by more than one means the conclusions 




Table 10: Theoretical Testing and Analysis.
30
Table 11: SolidWorks Modeling 
and Analysis.
31
Table 12: Scaled Model Prototype to determine clear-
ances within hull with respect to internal structure.
Conclusion
From	our	testing	analysis	we	will	be	able	to	determine	whether	or	not	the	final	proposed	concept	is	feasible.	Up	to	
now	all	 structural	 analysis	 and	design	 specifications	have	been	purely	based	off	of	 theoretical	 concepts,	 clearance	
requirements	driven	by	the	model,	and	educated	assumptions.	By	testing	the	cradle	design	by	multiple	means	and	
methods we are able to gain accurate insight into the unknowns and potential risks that could prove to be a hazard 
upon	final	construction.	Our	analysis	will	give	both	the	design	team	and	the	HMM	proof	of	integrity	and	feasibil-
ity for the design enabling the project to move towards construction. In the case that the results prove the design 
inadequate	to	handle	the	given	loading	conditions,	alterations	will	be	made	to	the	design	to	fix	the	given	issue.	Once	
the cradle is redesigned, it will be tested again by the same methods to ensure that the alterations meet the necessary 






The main objective of the design was to build a cradle capable of supporting the applied loads with minimal deflec-
tion.  To do so, it was necessary to theoretically split the boat into multiple sections, including the upper rigging, hull, 
and internal structure.  The weight of each section had to be calculated based on unit weight and volume of material. 
After	calculating	the	weights	and	center	of	mass	of	each	section,	we	had	to	solve	for	the	reaction	forces	acting	on	each	
loading pad and outrigger of the cradle.  Once this was complete, the sizing of the outriggers and center spine beam 
could	be	determined.		Once	beam	sizes	were	resolved,	the	bolt	sizes	required	to	safely	connect	each	outrigger	to	the	
center	spine	needed	to	be	found.		After	the	sizing	of	all	loading	members	that	would	be	acting	on	the	support	column	
was determined, the sizing of the support columns could be calculated to achieve the desired minimal deflection. 
Finally,	after	verifying	that	the	structure	would	be	capable	of	supporting	the	applied	loads,	it	was	necessary	to	perform	
analysis on the model as a whole to determine that the model would not be subject to tipping.  The methods below 
explain our logic and approach used to verify the structure will be capable of safely supporting the applied load.   
Introduction
After	receiving	the	specific	design	criteria	from	our	client,	our	concept	designs	were	narrowed	down	to	one	cradle	
design.  To prove the concept would work, it was necessary to perform a detailed analysis on all load bearing members 
to	ensure	structural	integrity.		The	following	report	explains	the	thought	process	and	methods	used	to	verify	the	qual-
ity of the proposed cradle design.
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When	determining	the	size	of	the	members	in	the	internal	structure,	an	analysis	of	the	hull	was	completed.	Since	
the forces of the upper rigging are acting directly down the main mast into the forward column, there was no need 
to incorporate it into calculating the sizing of the beams and outriggers.  The points at which the stays will be tied in 
will exert minimal positive load, which will reduce the deflection acting on the outriggers and therefore were excluded 
from	calculations.	The	determination	of	the	hull’s	mass	was	calculated	first	by	the	use	of	the	hull’s	original	blue	prints.	
The hull was separated into five sections by dividing the distances between the outriggers.  This was done because 
the outrigger positions are specifically placed to directly connect stays or other rigging components to the cradle that 
would otherwise imply heavy loads into the hull.  These sections were then broken into several common shapes in 
order	to	find	the	surface	area	of	each	of	the	sections	for	both	the	deck	and	right	view	of	the	yacht’s	blue	prints	then	
scaled	down	to	the	model’s	actual	size.	A	loss	factor	was	applied	to	the	side	sections	since	the	areas	were	analyzed	as	if	





obtained by adding the deck and side view loads. The location of these point loads were determined by finding the 
centroids for each of the sections. This was done by obtaining the centroids of each of the common shapes used in 











































The longest outrigger with the largest load was checked for the chosen C-channel beam. This was analyzed as a can-
tilever beam having a point load on one end and fixed on the other with a distributed load for the mass of the beam 
itself. In order to determine the sizing of the center beams, it was necessary to split the cradle into two separate beams 
since the beams are connected by a mast sleeve. There was a cantilever beam reaching out for the front support of the 
hull and a rear beam being dual supported.  The forward beam was analyzed the same way as the outriggers except 
multiple	forces	were	analyzed.	The	rear	dual	support	beam	had	to	be	analyzed	by	a	different	method	since	there	was	
a support roughly two thirds of the length. The reaction forces on this beam had to be determined first then analyzed 
instead of having a boundary condition being the whole length of the beam as if it was a cantilever beam.
When determining the sizing of the support columns, the column supporting the mast was analyzed since this will be 
supporting	the	largest	load.		First,	the	loads	of	the	entire	internal	structure,	hull,	and	upper	rigging	were	calculated	to	




deflection was found to check that the correct sizing for the column was chosen. 





and Tallowable  were compared to check that the actual does not exceed the allowable.
Equation 7














already calculated and explained previously in this section. The baseplate was treated as a symmetrical shape having 
the center of mass directly between the two column supports. The forces applied to the center of mass of the upper 
rigging and hull were then combined and compared to the sum of the forces applied to the internal structure and base 
plate to check that the model would not tip with the applied load found.
Results
The results for the internal structure member sizing and load forces acting on the structure are shown below in the 
following tables. These results were calculated as stated above in the methods section. Table 13 and Table 14 display 
the results from calculating the sections of the hull from the prints. The calculations for finding the areas of the sec-
tions	can	be	seen	in	Figure	13	and	Figure	14	in	the	appendices.		From	this	the	volumes	were	determined	and	percent	
volume of the whole hull, finally determining the force acting on each section.
Table 13: Calculated weight of deck sections 
37




Table 15: Total weight of hull 
After	determining	the	loads	acting	on	each	section	they	were	placed	at	the	centroid	of	the	section	and	the	sections	
where outriggers were located the load was divided in half since the riggers are symmetrical. These values are shown 
in	Table	16	below,	and	the	calculations	for	the	centroids	of	each	section	are	shown	in	Figure	13	and	Figure	14	found	
in the appendices.
Table 16: Loads applied on internal structure 
determined from hull section centroids
38




Table 17: load applied to each 
loading pad on end of outriggers
After	determining	the	point	loads	acting	on	all	outriggers,	the	reaction	forces	of	the	support	columns	were	calculated	
and included the weight of the upper riggings.  The upper rigging acting solely on the front support made it possible 
to	only	analyze	that	support	since	it	would	be	supporting	a	higher	load	than	the	rear	support.		After	determining	the	
load applied to the support column, the angle of the force was accounted for to calculate the load that would be ap-
plied	across	the	x-axis	of	the	beam	as	shown	in	Table	18.
Table 18: determination of load ap-
plied to front “mast” column
39







for deflection is displayed. The final check for member sizing was for the mast column since the support column un-




Table 19: chosen members and 
their maximum deflection
The final calculation made was the determination of the bolt size. This was done by choosing a nominal bolt size and 
checking the shear stress it was undergoing to the allowable shear stress that the bolt can handle. When doing this the 
bolt location chosen was where the most force is going to be applied. This location is where the rear center beam is 
connected	to	the	mast	sleeve.	After	determining	the	shear	force	on	the	bolt	the	Tactual  was determined and compared 
to the Tallowable .	Since	the	actual	was	less	than	the	allowable	the	sized	bolt	checks	for	the	applied	load.	These	values	are	
shown	below	in	Table	20	and	the	calculations	are	displayed	in	the	appendices	under	Figure	24.
Table 20: displays the bolt shear force ex-
erted on the bolt undergoing the most load
40
Discussion and Conclusion
In examining our results it was discovered that the weight of the hull was much higher than originally thought.  It 
was	also	determined	that	the	strength	of	steel	is	very	high	and	we	were	able	to	use	the	smallest	of	S-beams,	C-channel,	
and box beams to hold the weight of the model.  Not only will this decrease weight, but it will also decrease cost.  We 
also learned that a boat hull is one of the hardest structures to analyze due to the unconventional shape as compared 
to standard structures. 
The analysis of the cradle design, which meets all target specifications, has determined that it will be capable of safely 
supporting	the	applied	loads	of	the	upper	rigging,	hull,	and	its	own	weight.		Outriggers	constructed	of	C	3x3.5	A36	







structurally sound, a tipping calculation was done in which it was determined that in order for the cradle to tip, it 
needed	to	have	a	total	weight	of	2025lb.		As	of	now,	we	are	safely	under	that	limit	at	667lb.		Therefore,	the	structure	
will stand and support all applied loads. 
Looking	into	the	future,	additional	testing	will	be	required	as	more	information	comes	in.		Additional	testing	will	
include the design of the loading pads to ensure they will not puncture through the hull.  The sizing of the pads can 
be	adjusted	to	achieve	a	desired	pressure	on	each	pad.		Furthermore,	all	calculations	were	based	on	weights	determined	





and project goals. To date, there are still numerous specifications that have yet to be finalized due to either its place-
ment	falling	under	the	Spring	schedule	completion	of	work	or	schedule	postponements	from	the	Herreshoff	Mu-






are moving forward by making theoretical assumptions or calculated values to enter into our testing and analysis. We 
have conducted our testing in a manner so that once information is presented the calculations conducted prior can 
be	re-run	with	the	new	numbers	in	Excel	formatted	worksheets.	This	will	reduce	the	time	substantially	to	redo	the	





standings the design meets the majority of the needs with high ranks. 
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Table 21: Initial and Final Specifications for Cradle Design
Table 22: How well Final Specifications met 
Customer's Needs
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Preliminary Project Cost Analysis
Executive Summary
At the end of the Fall 2012 semester a wide range of work has been completed that encompasses project 
tasks such as model cradle design and testing. During the course of this semester a final design has been 
generated and preliminary testing for its feasibility has been conducted. For the 2013 Winter interces-
sion and Spring 2013 semester, we will be transitioning into detailed testing and analysis of both the 
designed cradle and Reliance model. This stage includes refining and optimizing our cradle design as 
well as assigning and fixing the cradle’s design details. We will be performing a structural analysis of the 
model’s critical components, including both theoretical analysis and failure testing to remove risk and 
ensure the model’s structural integrity. By the completion of the 2013 spring semester we are hoping to 
have all project objectives and goals completed including a finalized cradle design and structural analy-
sis of the Reliance model.
Estimated Costs
Due	to	the	fact	that	our	portion	of	the	Reliance project is strictly design, there are few costs associated with our work. 
By	acquiring	volunteer	work	from	Roger	Williams	University	faculty	and	students,	the	Hereshoff	Marine	Museum	
has saved a substantial amount of money.  Table 23 displayed below, demonstrates the costs that the museum could 
have	expected	to	pay	if	they	were	unable	to	acquire	volunteer	work	for	the	design.
Table 23: Estimated Labor Costs
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and completing in depth analysis of the entire structure. 
Detailed Design
One component of the project is to ensure that during the scaling down process, the fully rigged 
model will not fail or break. In order to accomplish this, we will be performing a structural analysis of 
the model’s critical components, which includes a theoretical analysis and physical failure testing to 
remove risk and ensure the model’s structural integrity. Some of the critical components include the 
blocks, halyards, and pad eyes. We will be performing failure testing on these parts by using the uni-
versal testing machine located in room 119 of the School of Engineering, Computing, and Construc-
tion Management at Roger Williams University. By using this machine, we will be able to determine 
the maximum tensile and shear force on the components to make the component yield and/or fail. By 
comparing our results to our theoretical analysis of the model we will be able to conclude whether the 
component will be able to handle the required loading conditions.
45
A	side	project	that	was	looked	into	this	semester	encompassed	the	idea	of	using	structural	adhesives	in	the	model	
construction. The client believed that there may be an application for the use of adhesives that would make for an 
ease of constructability. It has been concluded that an acrylic adhesive would be best for the model boat if instituted. 
Since	fiberglass	is	simply	a	glass-strengthened	plastic,	a	plastic	bonder	such	as	an	acrylic	adhesive	would	be	the	best	
choice. Next semester we will be determining which specific one will be best. We have already received a free sample 
from the company Permabond and are hoping to test other adhesives from other companies to determine the best for 
the given application.
Functional Prototype
During	the	2013	winter	intersession,	Eric	will	look	into	3D	printing	a	1/90th	scale	prototype	of	Reliance hull based 
upon	the	specs	of	the	fiberglass	hull	made	for	the	model.	The	prototype,	3D	printed	at	R&D	Technologies,	will	be	
approximately	twenty	inches	long	and	made	out	of	a	photopolymer	acrylic.		Furthermore,	we	are	planning	on	con-
structing a scale model of the cradle out of balsa wood to use in conjunction with the hull. The prototypes will allow 
us to gain a greater sense for clearances within the closed hull as well as provide insight as to how to gain access into 
the	hull	for	construction	of	the	cradle’s	internal	structure.
Complete Design Documentation
Upon completion of testing and analysis of the cradle design our team will be documenting the final design to submit 
to	the	Herreshoff	Marine	Museum.	The	final	cradle	design	and	results	from	our	structural	analysis	will	be	documented	
in a prototype and final report, which will include design drawings and fabrication specifications. The final design 
results will also be communicated to our clients by an oral presentation, which will be aided by a PowerPoint deck 






































Appendix  A: Calculations
Figure 13: calculations of centroids 
and surface areas per hull section
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Figure 14: calculations of centroids and 
surface areas per hull section continued
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Figure 15: calculation of reaction forces 
on hull using three moment method
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Figure 16: calculation of reaction forces on 
hull using three moment method continues
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Figure 17: visual reference used to 
determine torque applied to outrig-
gers and center spine
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Figure 18: calculation of deflection of 
outrigger undergoing largest moment
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Figure 19: calculation of deflection of 
front cantilever excluding support arm
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Figure 20: calculation of deflection on S-beam spine
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Figure 21: calculation of deflection 
on S-beam spine continued
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Figure 22: determination of largest 
moment applied to support column
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Figure 23: deflection of support 
column supporting highest load
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Figure 24: Determination of shear 
force acting on bolt
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